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Abstract
Objective—Raynaud’s phenomenon (RP)
is comprised of repeated episodes of
colour changes of the skin of digits on cold
exposure or emotional stress. The preva-
lence of RP in the general population is
variable fluctuating between 4%–15%,
among surveys. The aim of this study was
to estimate the prevalence of RP in a
healthy working Greek population and to
investigate the possible association of RP
with various demographic, social and
other factors.
Methods—A total of 756 employees of the
University Hospital of Ioannina was in-
cluded in the study. They belong to the
administrative (120 subjects), nursing and
technical (a representative sample of 418
and 218 subjects, respectively) personnel.
Five hundred subjects (111 men and 389
women) responded in a face to face inter-
view based on a specially conformed
questionnaire. The study began in Novem-
ber 1997 and was completed in March
1998.
Results—Twenty six subjects with RP (1
man and 25 women) were found. Their
mean (SD) age was 32.73 (5.77) years. The
prevalence of RP was 5.2% (0.9% in men
and 6.4% in women). The sex ratio,
male/female, was 1/7.1. An association
between RP and migraine was found.
However, there were no significant corre-
lations of RP with smoking, alcohol and
coVee consumption, dietary habits, occu-
pational history and drug exposure. No
social or other demographic parameters
associated to RP frequency were found.
Conclusions—The prevalence of RP
(5.2%) in the population studied is rela-
tively low compared with previous studies.
RP focuses on the fourth decade of life and
aVects mainly women. There was no
evidence of any correlation of RP with
social, environmental or personal param-
eters while an association of RP with
migraine was found. Geographical or
genetic factors, or both, may be responsi-
ble for these results.
(Ann Rheum Dis 2000;59:206–210)

Raynaud’s phenomenon (RP) is a pathological
vasomotor reaction of the digital vasculature to
cold exposure or emotional stress.1 RP appears
as attacks of blanching or cyanosis of fingers, or
both, followed by a hyperaemic phase. It may
be accompanied by subjective symptoms such
as numbness, paresthesias and pain in the fin-

gers involved. The colour changes are attribut-
able to closure of the muscular digital arteries,
precapillary arterioles and arteriovenous
shunts of the skin causing skin pallor, followed
by cyanosis. Reversal of the vasospastic period
generally occurs 10–15 minutes after the
stimulus (for example, low temperature) has
ended; the digits then may have a blushed
appearance.2 Because of the diYculty to distin-
guish RP from the normal physiological
response to cold temperatures, the UK Sclero-
derma Study Group3 suggests the following
terms for the diagnosis of RP: (1) definite RP is
comprised of repeated episodes of biphasic
colour changes on cold exposure; (2) possible
RP is comprised of uniphasic colour changes
plus numbness or paresthesia; and (3) no RP is
marked by no colour changes on cold expo-
sure.

RP is classified into primary or idiopathic or
Raynaud’s disease without underlying disease
and secondary when it is related with various
medical problems (for example, connective tis-
sue diseases, drugs and toxins, occupational
disorders, structural-arterial disease, haemato-
logical diseases, etc).2 4

The study of epidemiological characteristics
of RP is interesting because of the opportunity
to define RP among apparently healthy people
to estimate the frequency and to determine
probable associated factors. On the other hand,
early diagnosis and follow up of the aVected
subjects may contribute to better understand-
ing of the natural history of serious disorders
(for example, scleroderma) that may develop.
The prevalence of RP in the general population
is unknown but it is considered to be more
common in women, younger age groups and
among family members of subjects with RP.5

Recent studies aiming to determine RP preva-
lence showed variable data depending on the
diagnostic criteria, the survey technique (sam-
pling design, interview and examination proce-
dures) and the characteristics of the studied
population in various geographical regions.
Thus, the prevalence of RP estimated in diVer-
ent studies fluctuates between 4%–20%.6–20

Among women the frequency of RP varies
between 4%9 14 16 18 and 15%–20%.6 7 11 12 17

There is also a variety of the prevalence of RP
in men6 9 13 14 16–18 although it is found in lower
frequency among men compared with women.
Several studies have shown that climate,17 20 21

occupation,14 22 hormonal factors,23 24

migraine,25 26 smoking,18 alcohol consumption27

and positive family history16 may correlate with
RP, while fish oil consumption improves
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primary RP.28 The key previous epidemiologi-
cal studies of RP are shown in table 1.

The aim of our study was to estimate the
prevalence of RP in a healthy working Greek
population and to investigate the possible asso-
ciation of RP with various demographic, social,
occupational, dietary factors as well as with
medical history and drug exposure. So far there
were no such reports in our country. The study
was conducted in Ioannina, a city with mild
climate (mean January temperature 6.5°C,
mean July temperature 24.8°C).

Methods
STUDY POPULATION

The survey was cross sectional and carried out
between November 1997 and March 1998 in
the University Hospital of Ioannina. The study
population consisted of the administrative,
technical and nursing personnel of the hospital
aged above 18 years. A sample of 756 of 1392
working subjects was included in the survey. All
the administrative employees (120 subjects)
were invited to participate to the survey while
representative samples of the technical (218 of
436 subjects) and nursing (418 of 836
subjects) personnel were included. The sam-
ples were randomly selected using tables of
random numbers from the lists of the employ-
ees. Five hundred subjects responded to the
invitation to participate, 111 men and 389
women. All of them were interviewed by one of
two trained physicians who completed a
specially conformed questionnaire for each
subject. During this face to face interview a set
of hand photographs showing typical attacks of
RP was demonstrated to the subjects (phase I).
All the employees who answered positively to
the questions were recruited again and under-
went a clinical examination (phase II). During
the second phase of the survey, the diagnosis of
RP was confirmed on the basis of a short inter-
view and the method of immersion of the
hands into an ice bath. All subjects with RP
underwent an immunological evaluation. The
following tests were performed: rheumatoid
factor (RF) using latex, antinuclear antibodies

(ANA) using indirect immunofluorescence,
cardiolipin antibodies (aCL) using ELISA and
cryoglobulins. Thus, 20 ml of non-heparinised
peripheral venous blood were obtained in a
warm syringe from all the subjects with RP.
The blood samples were kept at 37°C until
they clotted. Serum was separated by centrifu-
gation at 37°C and then 10 ml stored at 4°C for
the detection of cryoglobulins, as previously
reported,29 while the remaining was used for
determination of RF, ANA and aCL.

QUESTIONNAIRE OF RP

The questionnaire used in the survey had pre-
viously been validated in a group of 40 patients
with either primary or secondary RP (patients
with scleroderma and systemic lupus ery-
thematosus) visiting the outpatient Rheuma-
tology Clinic of the University Hospital of
Ioannina. In addition, 30 subjects known to
have no symptoms of RP took part in this pilot
study. Sensitivity of the questionnaire was esti-
mated 97.5% and specificity 96.7%.

At the beginning of the interview the
subjects gave indentity information: name,
address, phone number, sex, age and answered
questions about their marital status, education
and occupation. The questionnaire consisted
of the following yes/no items:

(1) have you ever noticed your fingers
changing colour, (a) in cold months (yes/no),
(b) in cold water (yes/no), (c) in emotional
stress (yes/no)?

(2) If yes (in any of the above a, b, c) they
become (i) white (yes/no), (ii) blue (yes/no),
(iii) red (yes/no), (iv) other?

(3) The colour change of your fingers is
accompanied by: (a) numbness, (b) tingling,
(c) paresthesias, (d) other sensory changes, (e)
nothing (yes/no)?

(4) The colour change is noticed in both
hands (yes/no)?

(5) How many years do your fingers change
colour on cold exposure? (a) less than a year?
(b) 1 to 5 years? (c) more than 5 years?

(6) Have you ever consulted your general
practitioner or a specialist concerning these
symptoms (yes/no)?

Table 1 Epidemiological studies of Raynaud’s phenomenon

Authors Geographical location Number of subjects Methods used
RP in men
(%)

RP in women
(%)

1990 Weinrich MC S Carolina 5 246 interview - colour photos 2.7 4.3
1990 Silman A London 1 532 postal questionnaire 11 19

questionnaire when attending GP 16 21
1991 Harada N Japan 3 873 interview, photos 3.3 2.5

(excluding vibration trauma) 1 1.8
1992 O’KeeVe ST Burlington, USA 750 (hospital employees) questionnaire, interview, photos 4 9
1992 Bartelink ML Nijmegen, Netherlands 508 validated questionnaire 0.5 2.9

RP monophasic white 5.4 7.5
RP monophasic 10.4 21.2

1993 Riera G Girona, Spain 1 467 questionnaire, interview, examination 3.2 4.7
1993 Maricq HR Charleston, S. Carolina 4 086 telephone interview (phase I) 4.3 5.7

Tarentaise Savoie France interview - examination (phase II) 13.5 20.1
1997 Maricq HR S Carolina 10 149 (phase I) telephone survey

4 regions in France 1 534 (phase II) face to face interview
clinical evaluation

-Charleston 0.8 3.4
-Toulon 2.8 11.4
-Nyons 6.2 5.8
-Grenoble 6.4 12.1
-Tarentaise 6.3 15.8

1997 Valter I Tartu, Tartumaa, 2 626 (phase I) postal questionnaire
S Estonia 457 (phase II) interview color charts 7.9 8.3

RP = Raynaud’s phenomenon.
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The questionnaire also included questions
about smoking (how many cigarettes per day,
for how many years), alcohol consumption
(glasses per week of wine, beer or other drink),
caVeine use—because of its potential vasocon-
strictive properties—(coVees per day), use of
vibrating tools, medical history (migraine, hae-
matological disorders, use of crutches, athero-
sclerosis, Prinzmetal), drug exposure (â block-
ers, oral contraceptives, vasoconstrictive
agents) and dietary habits (consumption of
olive oil and fishes).

DEFINITION OF RP

In this study, RP was defined as episodes of
biphasic or triphasic colour changes of fingers
on cold exposure or/and emotional stress,
according to the UK Scleroderma Study
Group.3

STATISTICAL ANALYSIS

Comparison between people presenting RP
and all other persons was done using the ÷2 test
for categorical variables and t test for continu-
ous variables.

Results
DEMOGRAPHIC CHARACTERISTICS OF THE STUDY

POPULATION AND PREVALENCE OF RP

A total of 500 (111 men and 389 women) of
756 people were interviewed (response rate
66.1%). The overall mean (SD) age of the par-
ticipants was 33.7 (6.2) years. RP was detected
in 26 subjects (1 man and 25 women) with
mean age 32.7 (5.8) years. More specifically,
33 subjects responded positively to the first
question of our questionnaire, 26 subjects
answered positively to the second one for at
least two colours, while the remaining seven
answered positively for one colour change (six
for red colour and one for blue). For the third
question, 27 subjects responded positively and
finally, for the fourth question 28 subjects.
However, only 26 fulfilled the Scleroderma
Study Group criteria for RP. The remaining
474 employees (110 men and 364 women) had
no RP and their mean age was 33.7 (6.2) years.
The overall prevalence of RP was 5.2% and
estimation by sex showed that the prevalence of
RP was 0.9% in men and 6.4% in women
(table 2). The sex ratio men/women was 1/7.1.
The prevalence of RP according to age showed
that RP focuses on the fourth decade of life
(table 2).

DESCRIPTION OF RP

Table 3 shows the conditions of appearance
and duration of RP.

Finger whitening was described by 23
subjects (88.5%) while cyanosis was found in
10 subjects (38.5%) and blushing of fingers
was present in 23 employees (88.5%). RP con-
sisted of biphasic colour changes in 22 subjects
or 84.6% and of triphasic colour changes in
four subjects or 15.4%. Finger blanching was
mainly noticed while cyanosis was less appar-
ent. Sensory changes including numbness, tin-
gling, pain, paresthesias that accompanied the
episodes of RP were described by 19 subjects
or 73.1%.

CORRELATIONS OF RP

An association between RP and migraine was
found (table 4). There were no statistically sig-
nificant diVerences concerning marital status,
education, occupation and the use of vibrating
tools between subjects with and without RP
(table 4). We also found no statistically signifi-
cant diVerence with regard to smoking, alcohol
consumption, intake of coVee, dietary habits
(consumption of olive oil and fishes) between
employees with RP and subjects without RP.
Finally, there were no significant diVerences
concerning the remaining medical history and
drug exposure between subjects with and with-
out RP.

CLINICAL AND IMMUNOLOGICAL EVALUATION

Physical examination of the 26 subjects was
unremarkable. RP was confirmed in all people
by the method of immersion of the hands into
an ice bath. Four of them presented positive
ANA at low titres. No other immunological
abnormalities were found. All subjects were
found to have primary RP.

Discussion
RP is characterised by cutaneous colour
changes on cold exposure. Diagnosis of RP is
not always easy because there are healthy peo-
ple who complain of not well defined episodic
attacks of RP and no one laboratory assessment
of RP is yet accepted as the gold standard.
Thus, RP is diYcult to diagnose in community

Table 2 Prevalence of Raynaud’s phenomenon according to age

Age groups

20–29 years 30–39 years 40–49 years 50–59 years All age groups

n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI)

Men 0/20 0 1/64 1.6 0/25 0 0/2 0 1/111 0.9
CI (0, 13) (0, 8)
Women 5/109 4.6 17/204 8.3 3/70 4.3 0/6 0 25/389 6.4
CI (2, 11) (4, 13) (1, 12) (3, 8)
Total 5/129 3.9 18/268 6.7 3/95 3.2 0/8 0 26/500 5.2
CI (2, 10) (3, 12) (1, 10) (3, 7)

Table 3 Conditions of appearance and duration of
Raynaud’s phenomenon

Subjects with Raynaud’s phenomenon

n=26 % (95% CI)

Conditions of appearance (yes/no)
cold weather 22/4 84.6/15.4 (65, 96)/(4, 35)
cold water 24/2 92.3/7.7 (71, 98)/(2, 29)
emotional stress 7/19 26.9/73.1 (12, 43)/(57, 88)

Duration of Raynaud’s phenomenon
1–5 years 4 15.4 (4, 35)
>5 years 21 80.8 (58, 93)
unknown 1 3.8 (1, 23)
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surveys. Nevertheless, the prevalence of RP has
been estimated in several studies, varying
between 4%–20%.6–20 Our study, the first con-
ducted in north west Greece, is a cross
sectional study carried out in the cold months
of the year in a healthy working population.

It showed that the prevalence of RP in the
closed healthy working population is 5.2%.
Comparisons of the estimations of RP preve-
lance among various studies are diYcult
because there are diVerences concerning the
definition of RP, the methods of assessment,
the characteristics of the sample and the occu-
pational exposure. However, data from previ-
ous reports show that the prevalence of RP
correlates well with diVerences in climate,
higher values being observed in colder
regions.17 20 21 The low prevalence of RP found
in various studies in Japan,13 14 South Carolina,9

Spain16 and Southern Estonia18 including ours,
suggest that geographical diVerences may be
responsible. The hypothesis described by Mar-
icq and colleagues20 that there is an aetiological
relation between a cold climate and RP (that is,
living in a cold climate helps produce in some
people the susceptibility to have RP episodes
on cold exposure) may explain the frequency
diVerences of RP. The climate in the area of
Ioannina, in north west Greece where the study
was carried out, is mild and therefore the low
prevalence of RP is not surprising. In addition
to environmental (that is, climate), genetic fac-
tors may also influence the occurrence of RP
and explain, at least partially, the geographical
variation of RP.

In this study the prevalence of RP is higher
(6.4%) among women than men (0.9%), which
is in concordance with most reports.6 7 9 12–17 30

There is also a variation of the RP frequency in
several populations of women and men. Thus,
among women the prevalence of RP fluctuates
from 4% or less, in Japan,14 South Carolina,9

Spain16 and Southern Estonia18 to 15%–20%,
in Sweden,11 Denmark,12 England6 7 and
Savoie, a mountainous region of France.17 The
same picture is observed for men and the RP
prevalence varies from very low
(1.2%)9 13 14 16 18 to more than 10%.6 7 17 The
higher prevalence of RP in women suggests
that hormonal factors may play an important
part in the pathophysiology of RP,23 although
diVering results have been published24 Fraenkel
et al assumed that the role of oestrogen in RP
might be explained by the potentiation of á

adrenergic mediated vasoconstriction23 31 or by
oestrogen eVects, or both, on rheological
factors.32 33

In our study, RP focuses on the fourth
decade of life, while the age of onset of RP is
found in the third decade. There was no statis-
tically significant diVerence concerning age
between subjects with and without RP. The age
of onset of RP in our study is higher as
compared with previous survey.20 This finding
is consisted with the warmer climate of
Ioannina.

In this investigation subjects with positive
questionnaires were diagnosed having primary
RP because: (1) RP aVected both hands on
cold exposure, (2) past medical history of the
subjects was unremarkable, (3) clinical exami-
nation of the employees showed normal
findings, (4) RP duration was more than five
years in the majority of the subjects (21 of 26)
without any additional complaints, (5) the
immunological evaluation showed unremark-
able results; we found no aCL in contrast with
a recent publication.34

However, capillaroscopic examination was
not performed in our study population. It is
accepted that normal capillaries favour idio-
pathic or primary RP.16 35 36 Very few of the
subjects with RP had sought medical consulta-
tion, which is in agreement with other
published results.6

We found no correlation of RP with marital
status in contrast with a previous study.27 RP
was not correlated to the educational level of
the subjects, which is in agreement with other
reports.20 27 It is known that occupational expo-
sures to cold (for example, among workers in
poultry slaughterhouses and canning
factories22 or to vibration14) are associated with
RP. Working conditions among the studied
subjects had no eVect on the prevalence of RP.
The majority of the employees reported only
relatively short-term exposures to a variety of
vibrating tools that do not have a well
established record of RP induction. Similar
mechanisms have been suspected for RP and
migraine and several surveys as well as this
study, have presented an association between
the two diseases.11 16 23 25 26 30

The potential role of tobacco smoking,
which is known to have an eVect on the periph-
eral circulation,37 has been investigated in
several studies.12 16 18 36 Most of them, including
ours, found no correlation of RP with
smoking12 16 18 36 although published data sug-
gested an association between smoking11 or the
quantity smoked12 and finger sensitivity to cold
but not with RP.

We found no relation between RP and alco-
hol use. So far, only one study reported an
increasing risk of RP with the quantity of alco-
hol consumed.27 Dietary habits (consumption
of olive oil and fishes), which are common in
our country, have no influence on the preva-
lence of RP; more investigation is necessary as
there are no similar correlations in the
published surveys.

However, there are some limitations in our
study that deserve consideration. Firstly, the
cross sectional design precludes the ability to

Table 4 Association of Raynaud’s phenomenon (RP) with marital status, education,
occupational factors and migraine

Subjects with RP Subjects without RP

pn=26 % (95% CI) n=473 % (95% CI)

Marital status (married) 19 73.1 (54,91) 358 75.5 (69,81) NS
Education

<6 years 3 11.5 (2, 30) 58 12.2 (7, 15) NS
6–12 years 14 53.8 (34,75) 245 51.7 (45,56) NS
>12 years 9 34.6 (21,62) 171 36.1 (30,41) NS

Occupation
administrative personnel 2 7.7 (1, 27) 85 17.9 (15,24) NS
nursing personnel 17 65.4 (43,83) 250 52.7 (46,58) NS
technical personnel 7 26.9 (10,48) 138 29.1 (25,35) NS

Use of vibrating tools 3 11.5 (2, 30) 124 26.2 (21,31) NS
Medical history migraine 12 46.2 (25,66) 94 19.8 (16,25) <0.01

NS = with no statistical significance.
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make causal inferences about the results.
Secondly, our study population was compara-
tively small and 250 subjects who were
included in the survey did not answer the
questionnaire because of their absence for vari-
ous reasons during the study. It is impossible to
say if the number of missing subjects is related
to an overestimation or underestimation of RP
prevalence. Thirdly, only one man was diag-
nosed as having RP; this result sets some limi-
tations upon drawing reliable conclusions with
regard to men and RP. Finally, our study
estimates the RP prevalence in a healthy work-
ing population and information drawn may not
be generalisable to the general population.
Nevertheless, our study is unique in Greece.

In conclusion, we estimated that the preva-
lence of RP (5.2%) in a healthy Greek popula-
tion is comparatively low, compared with
previous studies. Environmental (climate) or
genetic factors, or both, may contribute to this
finding. RP aVects mainly women and focuses
on the fourth decade of life. Our results should
be confirmed with other epidemiological stud-
ies of RP in the general population of Greece.
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